Abstract-Healthcare experts have recently turned towards the use of Biosimulation models to understand the multiple or different causative factors that cause impairment in human organs. The applications of biosimulations have been applied in different biological systems ranging from human ear, cardiovascular, to neurovascular research using Finite Element Method (FEM). FEM provide a mathematical framework to simulate these dynamic biological systems. Visualizing and analyzing huge amounts of Finite Element (FE) Biosimulation numerical data is a strenuous task. In this paper, we demonstrate a Linked Data Visualiser-called SIFEM Visualiser-to help domain-experts to Visualise, analyze and compare biosimulation results from heterogeneous, complex, and high volume numerical data. The SIFEM Visualiser aims to help healthcare experts in exploring and analyzing Finite Element (FE) numerical data and simulation results obtained from different aspects of inner-ear (Cochlear) model -such as biological, geometrical, mathematical, and physical models.
I. INTRODUCTION AND MOTIVATION
Finite Element Method (FEM) provide a mathematical and computational framework to simulate dynamic biological systems. The applications of FEM in terms of simulating biological systems range from human ear, cardiovascular, to neurovascular research. The Finite Element (FE) biosimulation experiments are performed on biosimulation models, where these models span across multiple, complex and semantically incompatible domains, such as biological models, geometrical structures and mathematical-physical models.
FE biosimulation models are complex and sophisticated systems. Additionally, visualizing and analyzing results of biosimulation experiments performed on these FE models can grow unmanageable, due to volume, heterogeneity, and complexity of numerical data. A biosimulation model is a system of mathematical equations encoded in a computational language, representing different and often heterogeneous mathematical parameters. There are various tasks involved in performing a biosimulation experiment on a biosimulation model, such as defining geometry of the biological system, creating a mathematical mesh, defining input numerical parameters, solver usage, visualisation and result/output interpretation. Most of these tasks are usually performed in isolated environment, hence, a biosimulation experiment takes many hours. Among these tasks, visualisation, analysis, and interpretation of biosimulation experimental results is a challenging task for the domainexperts. In [1] which aims at improving the automation in interpretation and visualisation of finite element (FE) models for inner ear (cochlea) mechanics in an integrated fashion. Figure 2 represents the systematic work flow of the SIFEM Visualiser. To start with a simulation experiment, the experimenter has to provide initial inputs for the experiment. These inputs are dependent upon the Finite Element Modeling (FEM) solver which has to be used in the simulation experiment. Each FEM solver has its own input and output data formats. The experimenter specifies the inputs, such as boundary conditions (material properties), mesh type (box model, coil model), through the SIFEM Visualiser interface and is then transformed according to the solver specific input data format. The input transformation is done by representing the input data using the SIFEM conceptual model, i.e. RDFizing the input data. Figure 1 shows a set of finite element input parameters, values and their data types required in a simulation experiment. Solver specific inputs are then generated from the RDFized input data. This approach leads us to overcome the data input heterogeneity of FEM solvers and makes SIFEM Visualiser a solver independent platform.
Once the input parameters and their values are collected and transformed into solver specific format, the next step is to select and invoke the numerical Finite Element Methods (FEM) solver service, such as PAK, OpenFOAM etc. In our use-case, we use PAK FEM Solver [2] . The output generated by the FEM solver is in solver's native format, which leads to data heterogeneity -in terms of data interpretation using different tools (like matlab, RStudio etc.). To achieve interoperability and resolve heterogeneity at the output level, the output is transformed into a standard and open format, i.e. RDF. Again, the RDFization of output data is conducted using the SIFEM conceptual model. The next step is to show the simulation results in a graphical format and to analyze the simulation results. To do so, SIFEM Visualiser extracts the numerical results from the RDF output data to Visualise it in either two-dimensional or threedimensional form. The 2D graphs are static (non-movable) while the 3D graphs are static as well as dynamic (movable across axis). The dynamicity or ability to move 3D graphs help the experimenter to analyze the results in a more detailed and convenient way. The plotted graphs are then analyzed and important features (Examples of such features are graph behaviors, such as Periodic, Linear etc) are extracted from the graph. This is done by analyzing the numerical data plotted in the graph.
